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Structure and dynamics of magnesium in silicate melts:
A high-temperature 25Mg NMR study
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ABSTRACT

25Mg NMR spectra for several silicate and aluminosilicate melts were obtained from
1000–1470 8C. The peaks are initially very broad, but narrow with increasing temperature
to near 500 Hz at the highest temperatures. The peak positions for most of the melts do
not shift noticeably with temperature in the range studied, except for a sodium magnesium
silicate composition that was previously studied by Fiske and Stebbins (1994). This ma-
terial showed a decrease in frequency of the peak position by about 4 ppm between 1150–
1360 8C in both this and the previous study, consistent with an increase in the average
size of the site. The chemical shifts vary with composition as well, ranging from 31 ppm
for a potassium sodium magnesium silicate melt to 22 ppm for diopside melt (CaMgSi2O6)
at 1400 8C. Compositions with higher field strength cations have lower frequency chemical
shifts, which correspond to larger coordination numbers and bond lengths for Mg21. All
of the peak positions obtained fall to slightly higher frequency than the range for sixfold-
coordinated Mg in crystals and well below the fourfold-coordinated range, indicating that
the Mg is in fivefold to sixfold coordination in the melts. Spin-lattice relaxation times
show that measurements are on the high-temperature side of the T1 minima, and a simple
expression for quadrupolar relaxation can be used to obtain correlation times for the motion
responsible for the relaxation. The correlation times obtained in this manner are very
similar to the correlation time tshear obtained from viscosity measurements, implying that
the Mg motion is strongly coupled to the network motion at these temperatures. Line
widths also scale with T1 in this temperature range, leading to the conclusion that the
viscosity is the fundamental limit to observing the 25Mg signal in the melt.

INTRODUCTION

Magnesium is an important component of natural sili-
cate melts, being the fourth most abundant element in the
earth after O, Si, and Fe (e.g., Krauskopf and Bird 1995),
but its role in the melt structure is not well defined. An
understanding of the structure of melts can lead to better
models to predict their behavior and could be relevant to
geological issues pertaining to igneous rocks such as
crystallization, partitioning of elements, diffusion, and
viscosity. Although some of these properties are domi-
nated by the network-forming elements (O, Si, Al, etc.),
a more complete picture of the material is derived by also
considering the local structure and behavior of network-
modifying cations like Mg.

Previous studies of the structure of Mg in silicate melts
and glasses include molecular dynamics simulations
(Matsui et al. 1982; Kubicki and Lasaga 1991; Kubicki
and Lasaga 1993; Matsui and Kawamura 1980; Angell et
al. 1987), vibrational spectroscopy (Gorbachev et al.
1983; Lisenenkov 1981; Williams et al. 1989; Sykes and
Scarfe 1990; Taniguchi and Murase 1987; Kubicki et al.
1992; Hauret et al. 1994), X-ray techniques (Gorbachev
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et al. 1983; Yin et al. 1983; Waseda and Toguri 1977;
Kern et al. 1986; Waseda and Toguri 1990; Taniguchi et
al. 1995; Matsubara et al. 1988; Taniguchi et al. 1997;
Hanada et al. 1988; Kawazoe et al. 1981), 25Mg NMR
spectroscopy (Fiske and Stebbins 1994), and Mg XAFS
(Ildefonse et al. 1995; Henderson et al. 1992). Some au-
thors have also made structural inferences from heat ca-
pacity measurements (Richet et al. 1993; De Ligny et al.
1996). Most of the above studies discuss one or both of
CaMgSi2O6 (diopside) and MgSiO3 (enstatite) composi-
tions and indicate average bond lengths ranging from
1.88 to 2.18 Å. The coordination numbers reported fall
in the range of four to six, though there is little agreement
whether Mg occupies a small fourfold-coordinated site or
a larger sixfold-coordinated site, as is more common in
silicate minerals.

NMR spectroscopy has been used to investigate Mg in
silicates only with great difficulty. The sensitivity is low,
due to a low natural abundance of the NMR-active iso-
tope (25Mg) and the low resonance frequency. Also, 25Mg
is a quadrupolar nuclide, having spin 5 5⁄2, leading to
additional quadrupolar interactions and broadening. Mg
sites in silicates are often distorted, leading to broad lines
and complicated quadrupolar line shapes that are often
difficult to observe.


